A 47-year-old man was found dead in a factory where dichloromethane (DCM) tanks were stocked. He was making an inventory of the annual stock of DCM contained in several tanks (5-to 8000-L capacity) by transferring the solvent into an additional tank with the help of compressed air. During this operation, one of the tanks overflowed and the man, who was not wearing any protection, was intoxicated. Autopsy showed digestive, suprarenal, and liver bleeding. Blood was also found in the trachea. DCM was identified by headspace gas chromatography-mass spectrometry (GC-MS). A headspace gas chromatography-flame ionization detection technique (GC-HS-FID) optimized for quantitation in biological fluids, organs and viscera was established at autopsy. The following concentrations of DCM were found: blood (150 rag/L), urine (2.0 rag/L), gastric content (5.6 mg/L), brain (122 mg/kg), fat (99 mg/kg), liver (44 mg/kg), lung (20 mg/kg), and kidney (15 mg/kg). A study of the storage stability of DCM was carried out on these samples. Ethanol production was measured in some organs. The results are discussed in light of the rarity of existing literature.
Introduction
Dichloromethane (DCM) or methylene chloride is commonly employed as a paint remover, a solvent, a degreaser, an aerosol propellant and as a flammability depressant in aerosols (coatings, hair sprays, room deodorants, herbicides, and insecticides). DCM is also used as a processing solvent in the synthesis of steroids, vitamins, tablet coatings, cellulose esters, fats, oils, resins, and rubber.
DCM is a very volatile substance. Until 1972, it was thought that its major toxic effect in normal usage was that of narcosis. Thus the atmospheric concentration limit in air was set at 500 ppm (1) . It has now been established that exposure at this level may lead to a carbon monoxide intoxication. Therefore, the limit value for industrial purposes in air has been set at 50 ppm (174 mg/m 3) (1). Most of the toxic effects of DCM have been observed after acute exposures and have resulted from its direct central nervous system depressant effects, its in vivo conversion to carbon monoxide, or its oxidation to phosgene in an open flame (2) . Di Vincenzo et al. (3) found that about 40% of the absorbed DCM is not eliminated in the expired air. This remaining amount of DCM is partly metabolized to carbon monoxide and has a CO excretion half-life of *Author to whom correspondenr f, sllotJld l)e addressed approximately 13 h. This is more important than the excretion half-life of inhaled carbon monoxide (5.2 h).
Although numerous cases of DCM poisoning have been reported, only 13 fatal cases are published in the literature (1, (4) (5) (6) (7) (8) (9) (10) . Furthermore, headspace gas chromatography-flame ionization detection (GC-FID) testing showed an unsual major peak in blood. This finding led us to investigate this case in detail.
Case History
The subject, a 47-year-old man, was employed in a paint-stripping factory where DCM tanks were stocked. At the end of 1997, he was asked to measure the amount of remaining DCM stocked in three tanks ranging from 5 to 8000 L in volume. Only one tank had a gauge; therefore, he needed to transfer, with compressed air, the solvent from the other two tanks into the first tank. His estimate of the total amount of remnant DCM was wrong. Thus, the tank overflowed during the transfer operation, flooding the clay ground. The subject was not wearing any protection and was overcome by the fumes. He was found lying on the wet ground, his face partially protected by his left arm. Several plastic items in his pocket were stuck together and to his synthetic clothes. An interview with other factory employees disclosed that he was found dead only a few hours after he was last seen. Autopsy examination showed brownish-colored areas on the face, on the pectoral region, and on the abdomen. Petechiae were observed on the anterior chest. Internal examination of the digestive tract, suprarenals, and liver revealed bleeding and massive tissue congestion.
Blood, urine, stomach contents, liver, brain, kidney, and lung were collected for toxicological analysis.
Experimental

Analytical reagents
Dichloromethane and 1-propanol were HPLC grade (Merck, Darmstadt, Germany). All other reagents were analytical grade (Merck).
Toxicological analysis
Identification of DCM by headspace GC-mass spectrometry (MS).
In a 22-mL headspace glass vial containing 10 mL water, 1.0 mL of fluorinated blood was added. A vial containing 1.0 mL of DCM (100 rag/L) in 10 mL water was also prepared. The vials were placed 10 min at 70~ A 200-pL volume of vapor was removed with a 2-mL gas-tight syringe previously heated to 70~ and injected into the column.
Quantitative analysis of DCM in biological fluids. To a headspace vial containing 10 mL of 0.5M NaCI solution and 0.027M 1-propanol (internal standard) at 4~ was added 0.1 mL of biological fluid or standard. Standards were prepared from a DCM stock solution of 2 g/L in distilled water at 4~ (stable for 3 months at 4~ and had final concentrations of 10, 50, 100, and 200 mg/L. Each vial was analyzed with headspace GC-FID (Varian Genesis).
Quantitative analysis of DCM in tissues.
The analysis was performed in headspace vials in the same manner as described for biological fluids.
Three different preparation modes were tested. In mode 1, tissues were ground with sand. In mode 2, a teaspoon-sized piece of tissue was cut into approximately 30 to 40 small pieces (1 to 8 ram3). Vials containing the pieces of tissue were sonicated for 2 h. In mode 3, teaspoon-sized pieces of tissue were incised with a knife, except for the brain tissue, which was sonicated for 2 h. The optimal sonication treatment was evaluated in mode 3 using two different tissues (liver and brain), and the optimal sonication treatment time lay between 15 min and 4 h 45 rain.
Instrumentation
Identification of DCM by headspace GC-MS.
The 2-mL gas-tight sampling syringe was purchased from Interchim (Montlu~on, France). A Varian 3400 GC was interfaced with a Finnigan ITD 800 MS detector. A DB-5MS polydimethyldiphenyl 5% siloxane (30 x 0.25-mm i.d., 0.25-pro film thickness) was used. Helium with a purity of N55 (1 mIJmin flow at 120~ was the carrier gas. The splitless injector, transfer line, and temperature detector were used at 260, 230, and 215~ respectively. Initial oven temperature was set at 40~ held for I rain, then increased at 10~ to a final temperature of 115~ Acquisition was performed in full scan mode (from 34 to 90 ainu).
Quantitative analysis of DCM in biological fluids and tissues by headspace GC-FID. Quantitation of DCM was achieved with a static headspace autosampler (Varian Genesis). The automate was equipped with a 1.0-mL automatic sample loop and interfaced with a Varian 3400 GC. The stainless steel transfer line was set at 150~ The detector was a flame ionization detector.
For each vial, incubation time was of 15 min at 60~ The column used was a wide-bore DB-WAX (30 mm x 0.53-ram i.d., 1.0-pro film thickness).
Helium (2 mL/min) was the carrier gas. The detector was set at 250~ The oven temperature was set at 50~ held for 4 min, then increased at a rate of 10~ to reach a final temperature of 80~
Results
Blood contained less than 1% carboxyhemoglobin (COHb). Blood ethanol was negative. When performing volatile testing by headspace GC-FID, a major peak with an unusual retention time of 2.75 min was observed in blood. This spectrum by headspace GC-MS is consistent with the presence of DCM in blood, as shown in Figure 1 . Other volatiles revealed by headspace GC-FID were acetone at 1.80 rain, methanol at 2.50 min, isopropanol at 2.90 min, ethanol at 3.00 rain, and 1-propanol at 5.00 rain.
Calibration and accuracy
The calibration curve was linear over the range of 10-200 mg/L with y = 6.17x -7.8 and r = 1.000. The limit of detection (LOD), defined as the mean blank value plus three times the standard deviation (SD), was 1 mg/L. The limit of quantitation (LOQ), defined as 10 times the SD above the mean blank value, was 2 mg/L. Within the studied concentrations, repeatability and interday precision ranged from 3.1 to 5.4% and from 5.2 to 8.7%, respectively. Values below 10 mg/L were run a second time with a 1.0-mL sample instead of 0.1 mL because the matrix effect was found to be negligible in the saline solution.
Quantitative analysis of DCM in biological fluids and tissues by headspace GC-FID
For blood, urine, and gastric content, DCM concentrations were 150, 2, and 5.6 mg/L, respectively. DCM concentration in blood at 4~ was found to be relatively stable as a function of time. Only a small decrease was observed: 150, 138, and 120 mg/L at 1, 6, and 20 days after autopsy, respectively. These measurements were done on the same vial measured on day 1. Another separate vial, first opened 20 days after autopsy, had a DCM concentration in blood of 148 mg/L.
The results obtained for the three modes of tissue preparation are reported in Table I . Optimum recovery using ultrasound was observed after 2 h (Figure 2 ). The concentrations of DCM in tissues stored at 4~ and analyzed 6, 20, and 60 days after autopsy are reported in Table II . During tissue analysis, particular attention was focused on the ethanol postmortem production. Ethanol concentrations (grams per kilogram) at 6.20, and 60 days, respectively, after autopsy were as follows: < 0.01, not determined, and 0.16 in fat; < 0.01, 0.03, and 0.205 in brain; < 0.01, not determined, and 0.39 in lung; 0.17, not determined, and 0.535 in kidney; and 0.13, 1.63, and 5.585 in liver. 
Discussion
Toxicological screening of blood and urine was negative except for the presence of therapeutic amounts of naldolol. The DCM concentrations in this case should be considered to be lethal. For tissues, direct use of ultrasound on a small piece of about 200 mg with concentrated saline solution (25 retool/g), enabled DCM measurements with negligible loss. Thirteen other fatal cases involving this solvent have been published, with tissue evaluation in only five cases (5-10) (Table III) . The concentrations of DCM found in this case are in accordance with previous studies. As is generally the case, tissue sequestration of DCM in blood and brain was observed. The important decrease in DCM brain concentration (43% between day 6 and day 60) is probably due to a higher permeability of brain tissue as compared with other organs. Control samples without 1-propanol were performed to exclude in vitro 1-propanol formation in tissues. The very low level of DCM in the gastric content seemed to exclude intoxication due to ingestion and led us to believe that death was due to dichloromethane poisoning by inhalation.
Unlike chronic intoxication, where clinical effects are due to carbon monoxide production, DCM acute poisoning is not associated with high blood carbon monoxide values (Table IV) . When evaluating the stability of dichloromethane in biological fluids and organs, we did not find the breakdown that has been observed with trichloroethylene (11) . We were surprised to notice a low level of ethanol production in some tissues (0.2 to 0.4 g/kg on day 60 at 4~ but astonished with its high production level in the liver (5.59 g/kg on day 60 at 4~ Ethanol production was negligible in the brain (0.1 g/kg on day 60 at 4~ Postmortem ethanol production has been well documented recently (12) and is due to microorganisms, particularly yeasts transforming carbohydrates into ethanol.
Conclusions
Although fatal dichloromethane poisoning is rare (this is the first reported case in France), this case illustrates that it is necessary to standardize the preparation of samples particularly of tissues for quantitation of toxic volatile substances. It also brings to light the care that toxicologists must exercise in interpreting ethanol results in organs or biological fluids containing large amounts of glucids when specimens are collected long after death and/or without preservatives.
